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Abstract Stormwater runoff can represent a significant
source of pollutants to downstream water bodies. An
integrated assessment was conducted for the Spring
Lake watershed in western Michigan because of con-
cerns that increased impervious land cover in the water-
shed, especially in sub-basins adjacent to Spring Lake,
would result in greater stormwater runoff and pollutant
loads. Spring Lake has a history of high total phospho-
rus (TP) concentrations and cyanobacterial blooms. An
alum treatment, paid for by an assessment, was applied
to Spring Lake in 2005 to control internal phosphorus
loading; hence, there was an economic incentive for
stakeholders to limit new phosphorus from entering
the lake, which otherwise would reduce the long-term
efficacy of the alum treatment. This study provides a
novel six-step process that identifies priority areas and
optimally reduces nonpoint sources of pollution. We
identified a suite of best management practices to be
placed in the watershed, assessed their optimal locations
based on pollutant sources, and modeled the degree to
which their implementation would reduce TP and total
suspended solids. Application of the modeled best man-
agement practices (BMPs) resulted in a 15 % reduction
in TP load and a 17% reduction in total suspended solid
load. Reductions were not uniform throughout the wa-
tershed, with the greatest reductions closest to Spring
Lake. We also developed a flow chart for BMP

selection, which may be transferable to other watersheds
with similar issues.

Keywords Stormwater . Integrated assessment . Best
management practices . Spring Lake . Impervious
surface .Water quality

Introduction

The management of stormwater and stormwater runoff
is an important issue for municipalities, whose citizenry
demand clean drinking water, flood prevention, water
drainage, and sanitation (Chocat et al. 2001). As new
development throughout the USA continues to outpace
population growth (Theobald 2005), there is a greater
loss of rural and natural lands to increasing amounts of
impervious cover, such as roadways, sidewalks, roof-
tops, driveways, and parking lots (Dougherty et al.
2006). This, in turn, results in greater volumes of
stormwater runoff.

Stormwater runoff creates a variety of problems for
land use managers, homeowners, fish and wildlife, and
ecological systems. As more water flows into streams
and rivers, it can result in unstable and eroding channels,
loss of instream habitat, and more severe and more
frequent flooding problems (Paul and Meyer 2001;
Walsh et al. 2005). It also collects pollutants (such as
street dust, eroded sediments, heavymetals, road salt, oil
and grease, organic matter, nutrients, and pesticides)
from impervious surfaces, farm fields, residential lawns,
and commercial and industrial properties, and deposits
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them in receiving waterbodies (Domagalski 1996;
Tsihrintzis and Hamid 1997; McFarland and Hauck
1999; Obropta and Kardos 2007). This, in turn, can
degrade water quality, lead to fish kills and loss of
species diversity, stimulate algae blooms, and create
public health risks (Trim and Marcus 1990; Obropta
and Kardos 2007; Johnson et al. 2011). Generally, there
is a positive relationship between impervious surface
cover within a watershed and environmental problems
(Alberti et al. 2007), although there is debate in the
literature as to how much impervious cover constitutes
water quality impairment. Watersheds with impervious
surface cover greater than 10 % are often considered to
be impaired (Schueler 1994; Wang et al. 2001), but
water quality impacts are measurable in watersheds with
even lower levels of hardened surface areas (King et al.
2011).

Stormwater-related impacts are expected only to in-
crease as climate change progresses (Madsen and Figdor
2007). Scientists are predicting that climate change will
cause warming temperatures and an increase in the
frequency of extremes in the hydrologic cycle—i.e.,
severe storms, increased flooding, and more periods of
drought (Patz et al. 2008). Heavy runoff associated with
these severe storm events can increase the risk of sew-
age overflows, contaminate local recreational waters,
decrease the productivity of agricultural lands, and in-
crease the risk of human illnesses (Madsen and Figdor
2007; McLellan et al. 2007; Patz et al. 2008). These
problems can be further compounded by waterfront
urbanization, which reduces flow path lengths and ac-
celerates stormwater runoff into local waterways
(Beighley et al. 2008).

Although numerous studies have been conducted
addressing the water quality impacts of stormwater
and its runoff, considerable obstacles continue to im-
pede progress in developing and applying effective
watershed-based approaches to managing stormwater.
In many cases, local officials simply do not fully under-
stand the impacts of, or the need to control, stormwater
runoff. While they may be concerned about the quality
of a natural resource, there may be no consensus about
the goals for management of that resource. Alternative-
ly, the value of the resource may not be considered high
enough to spend money fixing the associated problems,
and other budgetary items take priority. Decision-
makers simply may be unaware of the impacts of
stormwater discharges to their local water resources.
Although flood control is an obvious problem that needs

attention, the reduction in groundwater baseflow
resulting from impervious surfaces that limits or pre-
vents water from soaking into the ground is less notice-
able. In addition, uncertainties in the performance and
cost of stormwater control measures, limited funding
and other resources, and ongoing maintenance and op-
portunity costs can impede implementation of
stormwater best management practices (BMPs) (Roy
et al. 2008). Finally, future problems resulting from
stormwater runoff have not been fully identified in
urbanizing watersheds.

This study is part of an integrated assessment to
address stormwater issues in the Spring Lake watershed,
located in west Michigan (Isely et al. 2014). Integrated
assessment (IA) is the synthesis of existing natural and
social scientific knowledge to solve a natural resource
management problem or policy question (Parson 1995;
Jakeman and Letcher 2003; Hillman et al. 2005; Scavia
and Bricker 2006). IA is well-suited to address water-
shed management issues given the value that humans
place on water resources, the complexities associated
with its management, and increasing pressures being
placed on this resource given changes in population,
land use, and climate. While several studies have used
IA to examine watershed-level questions (Croke et al.
2007; Parker et al. 2009), IA has been less frequently
employed to address stormwater management, which
also involves complex ecological, political, and social
processes. In the current study, we explicitly addressed
the policy and management objectives outlined by local
municipalities as part of the IA process, which included
the identification of the causes, as well as the conse-
quences of, and potential solutions to, stormwater dis-
charges in the Spring Lake watershed (Isely et al. 2014).

Methods

Site description

The Spring Lake watershed encompasses ~137 km2 in
Ottawa and Muskegon counties in Michigan and in-
cludes 11 municipalities; there are two communities
downstream of Spring Lake along the Grand River
toward its outlet at Lake Michigan (Fig. 1). The soils
throughout the watershed are predominantly sand or
sandy-textured, with more than 76 % of the soils classi-
fied under hydrologic soil groups A or B, which have
high to highly moderate rainfall infiltration rates and
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low stormwater runoff potential. The average annual
rainfall for the Spring Lake watershed is 92.6 cm. per
year.

Spring Lake drains to the Grand River, at a point
approximately 1 km east of Lake Michigan. It has a
surface area of 5.25 km2, with mean and maximum
depths of 6 and 13 m, respectively. Prior to an alum
application in 2005 to control internal phosphorus load-
ing, surface water total phosphorus (TP) concentrations
averaged ~92 μg/L during the summer; following the
alum application, TP concentrations declined to
~25 μg/L (Steinman and Ogdahl 2008, 2012), although
the lake still experiences periodic cyanobacterial blooms
during the summer (Xie et al. 2012).

Integrated assessment process

IA is an active and rapidly developing field, and a
multitude of approaches exist to aid in solving environ-
mental resource management questions and policy is-
sues (Hisschemöller et al. 2001). For our IA, we selected
the approach outlined in Scavia and Bricker (2006).
This adapted approach included five underlying steps
that guided the Rein in the Runoff Integrated Assess-
ment (Fig. 2). Each of these steps had several compo-
nents, and each one was informed by a broad range of
participants, including scientists (team members and
project reviewers), decision-makers and stakeholders
(project partners), and members of the general public

(Rabalais et al. 2002). After we defined the relevant
policy question (see below) around which the IA was
to be performed (step 1), we documented the status and
trends of appropriate environmental, social, and eco-
nomic conditions related to the issue (step 2). This was
followed by our describing the environmental, social,
and economic causes and consequences of those trends
(step 3) and providing forecasts of likely future condi-
tions under a range of policy or management options
(step 4). Finally, we provided technical guidance for the
most cost-effective means of implementing each of
those options, accompanied by an assessment of the
uncertainties associated with the information generated
in steps 1–5 (Fig. 2). Stakeholder education and input
provided a critical feedback loop for the process (AWRI
2009; Isely et al. 2014).

Fig. 1 Inset: location of the
Spring Lake watershed in the
west-central portion of
Michigan’s lower peninsula.
Blow-up: Spring Lake watershed
(yellow) location in Muskegon
and Ottawa counties

Fig. 2 Integrated assessment approach for stormwater manage-
ment alternatives in the Spring Lake watershed
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The initial policy question for this IAwas developed
by Michigan Sea Grant and public officials from Spring
Lake Township and the Village of Spring Lake. The
policy and management objectives that these communi-
ties had regarding water quality and the management of
stormwater runoff included the identification of the
causes, consequences, and correctives of stormwater
discharges to the watersheds surrounding Spring Lake
Township and the Village of Spring Lake, specifically
Spring Lake, the Grand River, and ultimately Lake
Michigan. However, once established, the project
team—with input from these same community repre-
sentatives—expanded the policy question to include the
other communities within the Spring Lake watershed
and the adjacent communities further downstream to the
mouth of the Grand River at Lake Michigan to incorpo-
rate a broader group of stakeholders. The revised policy
question for the Rein in the Runoff IA was as follows:
BWhat stormwater management alternatives are avail-
able to the communities in the Spring Lake watershed
that allow for future development and also mitigate the
effects of stormwater discharges and improve the water
quality in Spring Lake, the Grand River, and ultimately,
Lake Michigan?^

To most effectively answer this policy question for
local and regional stakeholders and accomplish the
identified project goals, the project team adapted the
Scavia and Bricker (2006) IA approach.

Land use change analysis

Land use change analysis used the 2006 National Agri-
cu l t u r a l Image ry P rog ram (NAIP) d ig i t a l
orthophotograph (1–2-m pixel resolution) data in con-
junction with existing 1992/1997 land use and land
cover vector polygon dataset within the ESRI™
ArcView GIS 3.3 program. The Spring Lake watershed
boundary was clipped from the 2006 data to create an
updated GIS layer through photographic interpretation
using the Michigan Land Cover/Use Classification Sys-
tem. Land use and land cover data were verified through
field QA/QC reconnaissance, based on ~10 % of the
vector polygons throughout the project area. We esti-
mated that 95 % of the landscape surface of the Spring
Lake watershed is accurately represented in the 2006
land use and land cover update. Accurate land use/cover
data were critical given their influence in subsequent
pollutant modeling, the identification of percent imper-
vious surface cover, and the siting of potential

stormwater management BMPs within the watershed.
Fifteen land use/cover classifications were identified for
the land use change analysis (cf. Table 1).

Impervious Surface Analysis Tool

The Impervious Surface Analysis Tool (ISAT) was de-
veloped by the NOAA Coastal Services Center to de-
termine the total percentage of impervious surface area
within a specific landscape. ISAT applies impervious
surface coefficients to land use and land cover data to
determine the total and the percentage of impervious
surface area within specified vector polygons. We used
ISAT with ArcGIS 9.4 to determine the percent of
impervious surface cover for the Spring Lake watershed
over time, applying it to the land use and land cover data
for each sub-watershed basin in 1978, 1992–1997, and
2006.

Pollutant load modeling

Pollutant Loading Application (PLOAD) is a simplified
GIS-based model that estimates user-specified nonpoint
sources of pollution to a watershed on an annual average
basis (Baker et al. 2014). We selected PLOAD (as
opposed to SWAT, for example) because PLOAD is a

Table 1 Event mean concentrations (EMCs) for total phosphorus
and total suspended solids for the 15 land use/land cover classifi-
cations identified in the Spring Lake watershed

Land use/land cover Total P
(mg/L)

TSS
(mg/L)

Bare/sparsely vegetated 0.08 30

Commercial/industrial/transportation 0.34 35

Coniferous forest 0.15 14

Cropland and pasture 0.4 27

Deciduous forest 0.15 16

Emergent herbaceous wetlands 0.11 8

Herbaceous open land/grasslands 0.15 19

Mixed forest 0.15 15

Orchards/vineyards/other 0.37 17

Other agricultural land 0.39 25

Residential 0.5 25

Shrub/low-density trees 0.15 22

Urban/recreational grasses 0.37 20

Water 0.08 3

Woody wetlands 0.11 8
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simplified and generic GIS-based modeling tool that
was specifically recommended by the US EPA to esti-
mate nonpoint pollutant loads on an annual average
basis for NPDES stormwater permitting and watershed
management. PLOAD can be run under two different
modeling approaches: the US EPA’s simple method or
the export coefficient method. Both require a very lim-
ited number of readily available geo-spatial and tabular
data for input; in contrast, SWAT is a much more com-
prehensive and sophisticated model but requires a large
number of input parameters, necessitating supplemental
calibration and validation procedures, which were be-
yond the scope and time available for this project (cf.
Nejadhashemi et al. 2011; Arnold et al. 2012).

We used US EPA’s simple method, which is an
empirical approach for estimating nonpoint source pol-
lutant loads from urban development sites in watersheds
smaller than 1 mi2 (US EPA 2001; Goodwin 2007).
Although the Spring Lake watershed is larger than this
threshold, the alternative method (export coefficient)
was found deficient because it does not take into ac-
count precipitation or impervious surface area (US EPA
2001), and the loading rate is derived from export coef-
ficient tables, which were not available for Michigan or
other regions similar to the Spring Lake watershed. In
addition, the PLOAD simple method has been success-
fully applied in watershed basins even larger than Spring
Lake (Syed and Jodoin 2006; Goodwin 2007). We
adopted the approach used by Syed and Jodoin (2006),
who applied the PLOAD simple method to sub-basins
in the Lake St. Clair (MI) drainage area; both watersheds
are located in Michigan’s lower peninsula with similar
degrees of latitude, landscapes, lithologies (glacial mod-
ification of regolith), and land use/cover types.

We divided the Spring Lake watershed into 26 sub-
basins, ranging in area from 0.05 to 5.31 mi2 using
ArcSWAT (Soil and Water Assessment Tool for
ArcGIS). Estimates for total phosphorus (TP) and total
suspended solid (TSS) loads to Spring Lake were cal-
culated for each of the 26 sub-basins within the Spring
Lake watershed by creating a BASINS project file for
each of the land use and land cover GIS data layers
(1978, 1992–1997, and 2006) and then running each
layer separately through the BASINS PLOADmodeling
interface. We also calculated a rainfall to runoff ratio for
the sub-basins based on the long-term precipitation data
(1899–2007) for the watershed. PLOAD does not use
hydrologic soil group data within the model to adjust for
rainfall-runoff; curve numbers were derived from

existing hydrologic soil group and land use/cover data
to determine a rainfall-runoff coefficient for each sub-
basin. Utilizing these curve numbers with the long-term
precipitation data gave more accurate rainfall-runoff
data per sub-basin than using the same average yearly
rainfall value for the entire watershed, with no regard to
the reduction of runoff because of storage and initial
abstraction (i.e., interception, infiltration, depression
storage, and antecedent soil moisture) (Syed and Jodoin
2006).

Best management practices

Stormwater runoff is generally controlled through the
implementation of BMPs. BMPs are stormwater control
measures that slow, retain, or absorb nonpoint source
pollutants associated with runoff (Tsihrintzis and Hamid
1997; Chang et al. 2007). However, in the USA, the
term BBMP^ has come to mean any stormwater control
measure and not just the Bbest^ ones (Roy et al. 2008).

The BMP selection analysis followed the methodol-
ogy proposed by Schueler et al. (2007). The BMP
selection approach focused on macro-scale areas within
the Spring Lake watershed that would be suitable for the
implementation of different types of BMPs: infiltration
BMPs (such as infiltration swales and basins, rain gar-
dens, porous pavement, and dry wells), filtration BMPs
(such as vegetation or subsurface layers of soil, sand, or
aggregate), regional storage areas, regional treatment
areas, and site-specific BMPs on publicly held lands.
We followed a six-step process to identify opportunities
for the implementation of different structural and non-
structural stormwater BMPs.

Step 1: Identification of priority areas

The PLOAD model results, aerial photographs, and
existing land uses and land covers were compared to
identify priority implementation areas for stormwater
BMPs. We focused on areas with higher phosphorus
loadings (based on PLOAD results) and land use/
cover types generally associated with higher nutrient
loadings, such as impervious surfaces and agricultural
lands. We also considered proximity to water bodies
because the closer the source of stormwater pollution
is to these water bodies, the less opportunity there is
for natural processes to reduce nutrient levels
(Groffman et al. 2003).
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Step 2: Evaluation of existing riparian buffers

Aerial photography was used to identify which streams
or portions of streams currently lack a forested riparian
buffer; those areas were identified as BMP opportuni-
ties. We also prioritized native vegetative buffers along
the lakeshore; a native grass buffer would provide fil-
tering of stormwater runoff from adjacent lawns and
impervious surfaces prior to discharge to the lake
(Zhang et al. 2010).

Step 3: Identification of public properties for BMPs

Public maintenance yards and areas where soils and
minerals are stored aboveground were given higher
priority based on the level of nutrients discharged within
runoff from these types of sites. Depending on soil
types, filtrative or infiltrative BMPs can be installed on
these public sites.

Step: 4: Identification of opportunities for infiltration
BMPs

Hydrologic soil groups A and B, generally considered
good for infiltration, were identified as an attribute of the
maps used in BMP selection.

Step 5: Identification of opportunities for filtration
BMPs

Where existing soils do not have high rates of perme-
ability, filtrative BMPs can be used. While infiltrative
BMPs will often provide a higher benefit to cost ratio
than filtrative BMPs, filtrative BMPs are still appropri-
ate in certain areas. They are particularly applicable in
sites that are in close proximity or immediately adjacent
to a waterbody or in areas where soil and other condi-
tions are not favorable for infiltration, such as contam-
inated sites or sites with proposed future uses that are
incompatible with infiltration.

Step 6: Identification of Buniversal^ BMPs

So named because they can be applied universally, some
BMPs are appropriate Bretrofits^ to existing develop-
ment, including structural BMPS, such as riparian
buffers or planting native vegetation, as well as non-
structural BMPs like rain barrels/cisterns, the

disconnection of roof leads, or the enactment of fertilizer
ordinances.

Following the BMP analysis, we applied the struc-
tural BMPs to the high-priority areas by converting the
existing land use/cover data layer to new classifications
(Table 2). The residential infiltration, regional treatment,
and site-specific BMP areas were reclassified as urban/
recreational grasses. The regional storage areas were
reclassified as emergent herbaceous wetlands. Finally,
filtration BMP areas were reclassified as woody wet-
lands (Table 2). We then qualitatively identified optimal
locations for the BMPs based on location in the water-
shed (priority given to locations closer to water bodies)
and performance characteristics (e.g., infiltration BMPs
in locations with highly permeable soil types). We ran
PLOAD on the 2006 land use and land cover GIS layer
to show the changes in nutrient loadings to Spring Lake
after the application of these various BMPs throughout
the watershed. Additional detail on the land use change
analysis, ISAT, PLOAD, and BMP selection process is
provided in AWRI (2009).

Results

Land use/land cover

Between 1978 and 2006, forest cover (deciduous, co-
niferous, and mixed) remained the biggest land use class
at 41 % but declined by a modest 8.6 % from 6133 to
5599 ha (Fig. 3). In contrast, residential and urban

Table 2 Length and size of the structural BMPs and correspond-
ing land use/land cover classifications used in PLOADmodel runs

Structural
BMPs

Length/
size

Land use/land cover
classification

Length/
size

Infiltration swales 97.8 km Grasslands 97.8 km

Riparian buffers 30.6 km Mixed forest 30.6 km

Filtration BMP
areas

57.1 km Woody wetlands 57.1 ha

Regional storage
areas

3.2 ha Emergent
herbaceous
wetlands

3.2 ha

Regional treatment
areas

130 ha Urban/recreational
grasses

1061 ha

Site-specific BMPs 186.3 ha Urban/recreational
grasses

1061 ha

Residential
infiltration areas

745 ha Urban/recreational
grasses

1061 ha
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Fig. 3 Land use change in the Spring Lake watershed 1978–2006

Fig. 4 Impervious surface area in the Spring Lake watershed in 1978 (bottom), 1992–1997 (middle), and 2006 (top). Associated pie charts
show percent impervious surface distribution within the watershed for each time period
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(commercial/industrial/transportation) land uses in-
creased by more than 120 % (from 1708 to 3781 ha)
and 79 % (from 339 to 609 ha), respectively, during that
28-year period, largely at the expense of the collective
agricultural land covers, which declined 42 %, from
2904 to 1675 ha (Fig. 3).

Urban and exurban growth in the Spring Lake water-
shed has resulted in an increase in total impervious area,
particularly in the communities adjacent to Spring Lake
(Fig. 4). Between 1992–1997 and 2006, overall watershed
mean percent impervious surface area increased from 8.9
to 15.1 %. In addition, watershed area with limited imper-
vious surface areas (i.e., <10 %) decreased from 68 % in
1978 to only 27 % in 2006 (Fig. 4). In contrast, areas with

impervious surface areas >20 % increased from 6.6 % in
both 1978 and 1992–1997 to 26 % in 2006 (Fig. 4).
Significantly, the increase in impervious cover was distrib-
uted in a very nonuniform fashion through the watershed,
with the greatest amount of impervious cover immediately
adjacent to Spring Lake (Fig. 4).

Pollutant load modeling

Both TP and TSS loads increased by ~9 % between
1978 and 1992/1997 (Fig. 5). Between 1992/1997 and
2006, TP increased an additional 46 % from 3.96 to
5.76metric tons/year, while TSS increased an additional
36 % from 272.20 to 371.17 metric tons/year (Fig. 5).

Fig. 5 Total phosphorus and total
suspended solid loads (metric
tons/year) from the Spring Lake
watershed for 1978, 1992–1997,
and 2006 based on PLOAD
model results
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These increases were consistent with the increases in
residential and urban land use classes adjacent to Spring
Lake, which came at the expense of natural vegetation
and cropland/pasture land use and cover types (Fig. 3).
The land use/cover type with the highest event mean
concentration for TP was residential, whereas the
highest event mean concentration for TSS was associat-
ed with urban land use/cover (Table 1). Both of these
land uses are distributed disproportionately close to or
adjacent to Spring Lake (cf. Fig. 9); this increase in land
use/cover types with limited infiltration capacity close to
the lake, combined with high TP and TSS concentra-
tions during stormwater runoff, results in Spring Lake
becoming particularly vulnerable to water quality
impairments.

Best management practices

The application of modeled BMPs to the 2006 land use
and land cover data layer resulted in a 15 % decline in
TP, from 5.8 to 4.9 metric tons/year. TSS loads were
reduced by 17 % with the implementation of modeled
BMPs, from 371.2 to 309.4 metric tons/year. The

reductions were not uniform throughout the watershed,
with minimal or no load reductions in the sub-basins of
the upper watershed (Figs. 6 and 7). The areas with the
most substantial reductions were located adjacent to
Spring Lake, with the exception of the small sub-basin
at the southwest corner of the watershed, which is the
location of Spring Lake Village (Figs. 6 and 7). Given
the dense urban development in the village, available
area for BMP implementation was extremely limited,
and hence load reductions were negligible.

Discussion

Changing land use associated with urbanization often
results in increases in nutrient loads to aquatic systems,
which in turn can lead to impaired water quality, includ-
ing hypoxia, harmful algal blooms, fish kills, loss of
biodiversity, and increases in nuisance species (Smith
et al. 1999; Paul and Meyer 2001; Kaushal et al. 2008;
Catherine et al. 2013; Milstead et al. 2013). Indeed,
excess nutrients are a primary cause of lake water qual-
ity impairments throughout the USA (US EPA 2002).

Fig. 6 Total phosphorus loads for each sub-basin in the Spring Lake watershed with BMPs in place (bottom) and without BMPs (top) based
on PLOAD model results
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Nonpoint sources of pollution, especially stormwater
runoff, are notoriously difficult to manage given their
diffuse nature. Best management practices are most
often recommended to control these inputs, and despite
their cost-effectiveness when ecosystem services are
also considered (Talberth et al. 2013), their up-front
costs can be problematic for local municipalities, espe-
cially when compounded by maintenance costs. In ad-
dition, the degree to which they reduce pollutant loading
varies depending on the pollutant in question, their
location, and BMP design (Rosenquist et al. 2010).
Hence, the problem of stormwater runoff involves more
than technical solutions—social and economic dynam-
ics also must be addressed (van Kerkhoff and Lebel
2006; Isely et al. 2014).

We developed a flow chart that outlines the BMP
selection approach we used in the Spring Lake water-
shed (Fig. 8). This approach could be adapted for use in
other watersheds, as well. At the first level, BMPs are
separated into those that can be applied anywhere in the
watershed (universal), such as modified ordinances to
address stormwater and education/outreach activities vs.
those targeted for high-priority areas, including riparian

properties, public lands, and identified high-P-source
land use/land cover areas (e.g., agriculture,
impervious, residential; Fig. 8). BMPs for these high-P
areas are further subdivided into those regions with
permeable vs. impermeable soils (Fig. 8). Based on
our six-step approach (see BMethods^), we identified
locations in the watershed for BMP implementation
(Fig. 8). Riparian buffer strips and infiltration swales
predominate in the upper watershed, whereas filtration
BMPs, site-specific BMPs on public property, and res-
idential infiltration areas are more common closer to
Spring Lake (Fig. 9). This is an idealized approach, as
actual implementation will depend on funding, site
availability, and local ordinances (Isely et al. 2014).
However, it did allow us tomodel the cumulative impact
of BMPs on load reductions in the watershed.

The control of stormwater runoff pollution has
particular significance for Spring Lake given the
financial investments already made in lake manage-
ment. In 2005, an ~$900,000 alum treatment was
applied to Spring Lake to inactivate internal phos-
phorus loading and to control cyanobacterial blooms
(Steinman and Ogdahl 2008, 2012); this cost was

Fig. 7 Total suspended solid loads for each sub-basin in the Spring Lake watershed with BMPs in place (bottom) and without BMPs (top)
based on PLOAD model results
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borne by the residents. The effectiveness of the alum
treatment is contingent on controlling new sources of
phosphorus to the lake (Kennedy and Cooke 1982),
so continued input of stormwater runoff will both
negate the benefit of the alum treatment and reduce
the value of the residential investment.

These modeling results provide a framework from
which management actions can be constructed. While
there is inherent uncertainty in the use of models to
forecast environmental impacts (Refsgaard et al.
2007), they can be used to help illustrate the relative
utility of BMPs and how load reduction is influenced by
site location. Based on a desired or regulated load re-
duction, as well as available funding, the BMP footprint
can be expanded (or retracted) to meet management
needs. Ultimately, a collaborative approach that inte-
grates scientific, social, economic, and political forces
is necessary to tackle the issues surrounding stormwater
runoff (Isely et al. 2014).

Conclusions

Population growth in rapidly developing areas is
resulting in more hardened—and less natural—surfaces.
In many watersheds, including Spring Lake, this devel-
opment is skewed to areas closest to the receiving water
body. These impervious areas have changed the natural
hydrology of the watershed. Instead of rainwater and
snowmelt soaking into the sandy soils, they now run off
these impervious areas potentially impacting water qual-
ity, real estate value (Dodds et al. 2008), and quality of
life. The application of alum in 2005 to Spring Lake
decreased the loading (or release) of phosphorus from
the sediments in Spring Lake but has done nothing to
stop new nutrient inputs from entering the lake from the
land. If growth and development continue to occur and
no additional actions are taken to control and manage
stormwater runoff, the nutrient loads to Spring Lake and
its adjoining waterways will only increase. Based on

Fig. 8 Flow chart showing the
BMP selection process for the
Spring Lake watershed
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technical analyses and stakeholder input, stormwater
management priorities for the Spring Lake watershed
were generated and prioritized, including the restoration
of riparian and littoral buffers and implementation of
BMPs in the areas that contribute the highest pollutant
loads to Spring Lake. Using this IA approach, commu-
nity leaders, elected officials, and the general public
now have a defensible framework on which to base
action. While additional site-specific analyses may be
necessary to better quantify the effects of different com-
binations of BMPs and low-impact development strate-
gies, the overall strategy remains unchanged.

One of the primary challenges in the completion
of our IA was the limited amount of feedback
from stakeholders on the more technical aspects
of local stormwater management goals and poten-
t ial solut ions. The issues associated with
stormwater are complex and sometimes difficult
for members of the general public to grasp (Isely
et al. 2014). Although a small group of stake-
holders was involved in several aspects of the

IA, overall stakeholder input was limited. This
suggests a greater need for ongoing stakeholder
education regarding stormwater runoff (cf. Roy
et al. 2008).
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